This paper investigates ways iii which concepts of model building and cost-effectiveness can be applied to the health planning process. The problem ia described and methodological implications drawn that recommend large-scale digital computer simulation techniques. A study of effectiveness measures suggests that the system's basic purpose is to reduce the likelihood that individuals will be in a state of ill health. The proposed measure of ineffectiveness is defined as the expectation of the weighted sum of the population's expected duration of stay in each of tn disability states. The applicability of this and other measures to specific health problems is also discussed. The paper deals with the problem of estimating costs. Distinctions are made among the various kinds of costs and among the various bearers of the costs.
T HE OBJECTIVE of this paper is to investigate some ways in which the basic concepts of model building luid cost-effectiveness can be applied to the health planning process.
The first two sections describe the problem and the approach taken, and define the concepts involved.
The third section outlines the methodological implications that can be drawTi and recommends large-scale digital computer simulation techniques a!^ a potentially effective means of applying cost-effectiveness concepts to community health system planning.
The next section, a study of effectiveness meas\xres, suggests that the system's basic purpose i.s to reduce the likelihood that individuals will be in a state of ill health. The proposed measure of ineffectiveness is defined as the expectation of the weighted .sum of the population's expected dm-ation of stay in each of m disability states. The applicability of this and other measures to specific health programs is also discussed.
The fifth section deals with the problem of estimating costs. Distinctions are made among the various kinds of costs, such as: fixed and variable; *This research was performed under PHS Contract No. 108-26-269. Other related tasks under this contract are: (I) Describe the total cnmmunity health service system; (2) Identify subsystems which can be profitably modeled; (3) Develop and test a subsystem model (tlieMalenini and Infant Care model was .selected); and (4) lleconmiend methods of incorporating additional subsystems into the framework of the total system. sunk (historic) and future; actual (direct) and implied (indirect). Distinctions are also made among the various bearers of the costs: the government, the community, and the individual.
The final section is a summary.
Scope of the Problem,
Kxpenditxires for health and medical care services in Fiscal 1965 totaled $38.4 billion, or 5.9 per cent of the Gross National Product (GNP); governmental expenditure amounted to almost $10 billion, or 26 per cent of this amount. Since 1955 the annual expenditure has increased 112 per cent; this represents a 25-per cent increase in the percentage of GNP expended for health and medical care.
The increased expenditure has not been uniformly borne. Insurance benefits accounted for 19 per cent of private personal health care expenditures in Fiscal 1955; in Fiscal 1965 the proportion had risen to 31.6 per cent. The government's expenditures have risen more rapidly than the total; its share has increased from 24.4 to 25.9 per cent for all types over the stated period. Also, the federal share of public expenditure has increased, from 45.2 to 51.2 per cent in ten years.'^'
An examination of these trends and public statements by national political leaders suggests that health and medical caro expenditures will hv. subjected to greater influences, both directly and iiidh'ectly, from Viu-ious government sources.
It is imperative under these cireumstanccs that health services bo rationalized, that the Hmited available resources be allocated to maximize benefits to society, and that the principles of cost-effeetiveness be applieil at all decision-making levels within the system. Some educational institutions and research centers, certain speciali^ied hospitals, and some portions of the pharmaceutical and medical insurance industries serve the entire nation or large regions; however, the groat mass of health resources such as hospitals, nursing homes, public health organizations, clinics, treatment and diagnostic centers, private physicians and dentists, nurses, etc., serve individual communities. Since resources developed in national institutions arc finally implemented at the community level, it is most appropriate to apply cost-effectiveness considerations at the individual community level.
The need for coordinated planning of community health resources has been recognized.i^-*' This concept of planning is written as law under the Hill-Burton Act. The Bureau of State Services (Community Health) accepted as its mission "the advancement of a concept of community health in which public and private resources together deliver to all segments of the population a comprehensive range of preventive, curative, and restorative health services in the most efficient and effective manner feasible, with full utilization of relevant scientific advances, f*'
Difficulties in Planning
Recognition of the need for comprehensive planning is a necessarj', but not sufficieut, condition to its satisfaction. The natui'e of health services makes effective planning difficult. First, there is the problem to which this paper is addressed^-adequate, operational measures of effectiveness are ehisivc and appropriate data are frequently imavailable. Second, some (if the most important resources-doctors, hospitals, nursing homes, etc.-typically operate in an independent fashion. Third, many aspects of these resomxes (e.g., the hospital's location and basic physical layout, or the location, pattern, etc., of the private physician's practice) are fixed for long periods during which the various resom-ces are continually subject to rapidly changing patterns of demand and utilization owing to factors such as advances of medical science, rapid gi'owth of health insurance coverage, improvements in the standards of living, changes in population characteristics, and a greater degree of urbanization.'^! A fourth system characteristic that contributes to the difficulty of planning is the system's stochastic nature.t^' Fifth, because interaction between the health resources and the population occurs at the community level, effective planning must be adapted to the needs and resources of specific communities. Recognition of this fact i.s implicit in recent legislation (Public Law S9-749). One objective of this Act is tlic substitution of .statewide planning and funding of health services for the current practice of categorical grants (i.e., TB, venereal disease, maternal and child care, etc.).
A General Approach
The five problems listed above are only a brief introduction to the conceptual difficulties involved in applying analytical techniques to inter<li,sciplinary problems of socioeconomic planning; other difficulties will be (.lescribcd later in the paper. Viewed pessimistically the problem may appcai" to be impossible to solve. However, in spite of difHculties, planning decisions have been and will continue to be made. The realistic goal is progress towards improving these decisions and not an 'ultimate' solution.
This goal wiil noi be achieved if the analytical technique is so simplified and rigid that it provides conclusions contrary to good judgment. For example, a measui-e that weights the effectiveness of health programs so heavily in terms of cui-rent earnings that programs directed towards tlie control of cliildren's diseases are neglected is woi-se than useless.
The recommended approach is to begin the analysis with the problem defined in all its complexity and to proceed by abstracting from iliis com-230^. H. Packer plexity to a model of the problem that is simple enough to he conducive to analysis. During the abstracting process, simplifj'ing assumptions should be made explicit so that it will be apparent whether the conclusions of the analysis should be supplemented or replaced by judgment. As progi-ess is made in developing and using the model, it should be possible to add back those important aspects of reality that were initially 'assumed away.' Thus the analytical process and the degree to which complexity is recognized, is divided into two stages as illustrated in Fig. 1 . The first is the conceptual stago in which tbe problem is taken in its full complexity and explicitly simplilied until a manageable model is obtained. The second is the operational stage in which the simplified model is developed, validatefl, and made more realistic. 
MODEL BUILDING FOR COST-EFFECTIVENESS ANALYSIS

Some Definitions
It may be helpful to define some of the toniis used to describe the systems being modeled. Tlu* community, together wit!i human and physiciil resomces which serve its ht;alUi needs, comprises a complex and dynamic system. The system's state is defined by the value of certain variables which describe the state of the individual system element^s, e.g., the pievalence of particular diseases, the available hospital beds, etc.
Tlie set of variables and the set of parameters can each be divided into two subsets. One subset contains variables and parameters which are generally controllable by the policymakers, while the complementary subset contains those that are relatively tmcontroHable. Kxamples of each type are presented in Table I . It should be noted that "controllable" and "uncontrollable" are defined only in relative terms and depend on the time, the authority, and the resources available to the policymaker.
The poHcjTnakers are vitally interested in the values, or outcome, of one particular subset of the variables. This is the subset by which the cost and effectiveness of the system is measured. Any plarming process requires a prediction of the changes to be anticipated in these crucial variables as a result of alternative actions.
Past model-building efforts have had, among others, the following three objectives:
1. To train people in the performance of complex tasks, including management activities.
2. To provide a research tool to aid in the study of complex systems. 3. To act a.s an aid in the decision-making process.^"
This study is principally concerned with the third objective and, thus, the model must explicitly recognize the policy variables and provide for their If the relations can be defined and ^'alues assigned to the i)arametors and vai'iables for two alternative system configurations, the model can be used to compare the proposed configurations.
Cost-Effectiveness
The planner's objective is to identify for the policymaker the state of the controllable variables and parameters that will maximize the value of the system subject to an assumed set of conditions. The assumed set of conditions is defined by the state of the uneontrollable variables and parameteis. Budget constraints may or may not belong to this uncontrollable set. If the budget is in fact fixed, it is an uncontrollable variable and the objective is to maximize effectiveness under the budget (and other) constraints.
Some of the controllable variables and parameters can be varied, within limits, without incurring any appreciable cost; this subset of eontrollablo variables generally includes alloeation of a specified resource, establisliment of the sequenee or the priority of treatment, etc. On the other hand, there is a complementary subset of controllable variables and parameters that require significant expenditures to effect a change; increasing the total facility or persormel resources generally falls into this eategory.
For a specified expenditure level, or budget, and a specified set of values for uncontrollable variables, there are one or more oijtimum settings (i.e., optimum system configurations) for controllable variables that maximize the system's effectiveness. At a different expenditure level, a new configuration may maximize effectiveness. The decision as to whether the additional effectiveness is worth the additional eost is properly left to the policymaker. The analysis ean provide cost-effectiveness ratios, indicate the marginal cost-effectiveness of additional investment, and eliminate from consideration any inferior alternatives-i.e., system configurations dominated by alternatives that are either more effective and no more costly, or less expensive and no less effective.
Uncertainty
The planning problem is complicated by the uncertainty associated with estimates of costs and effectiveness levels. Uncertainty results from the inability accurately to predict the variable and parameter values for the time period relevant to the alternative plans being considered. Prediction difficulties arise from two sources: first, many relations are only imperfectly known, and second, it is impossible t^ know whether the relations that currently prevail are stable and will pei-sist. The imperfectly known relations between air pollution and lung cancer or between 'quixlity' of medical care and patient prognosis are examples of the first source of uncertainty. An example of the second type is a sigiiifieant breakthrough in cancer prevention or treatment that makes existing or pUuuied treatment facilities obsolete and thus invalidates conclusions dniwn from models reflecting the current state of medical science.
Another planning difficulty is evaluating future expenditures or benefits. Most economic analyses discount future expenditures and income Cost Effectiveness by applying an interest rate or cost to capital; a variant of this technique may prove useful in evaluating future benefits. Discounting futuie benefits raises all the conceptual difficulties of interpersonal welfare eomparisons if the benefits are to be foregone by one generation so they may accrue to another. An example is the allocation of limited financial resources to a research effort for finding a cure rather than for extending current treatment facilities.
Figui-e 2 illustrates the above concepts. The cross-hatched areas (A, B, C) indicate the cost-effectiveness regions for three alternative configurations. The points (a, h, c) within the areas represent the expected value of cost and effectiveness. System A need not be considered further since it is dominated, under all circumstances, by system B. (The entire region A is less effective and more costly than B.) The choice between systems B and C is left to the policymaker.
The planning objective, illustrated in Fig. 2 , is to provide the optimum system configuration (setting of the controllable elements and relations) for a number of budget levels.'^' Better information will reduce uncertainty and diminish the areas (A, B, C) surrounding the expected values.
METHODOLOGICAL REQIIKKMENTS AND AN APPROACH
Requirernen ts
This seetion discusses some of the methodological implieations of the problem of planning the community health service system and attempts to show why a simulation approach may be appropriate. This should not be taken to mean that analytical models should not be used.* These latter models are generally to be preferred and should be use<l where possible and efficient. Frequently analytical submodels ean be incorporated into a computer simulation progi-am of larger scope.
Determining costs and effectiveness for existing programs, though a difficult task, is relatively simple compared to projecting accurately the future state of a rapidly changing environment. However, the prediction difficulty is alleviated somewhat because comparing alternative progi'ams requires estimates of relative outcomes of alternative actions rather than accurate predictions. As the nimiber of alternative programs to be considered increases, it is no longer appropriate to compare two or three programs at a time. What is necessary is a eonstaiit set of assumptiunsor an unbiased framework-for measming alternatives; if a new set of assumptions is to be considered, a means is needed to reovaluate all affected alternatives under the new conditions. In other words, (he requirement is for a function that maps alternative decisions into their resulting costs and effectiveness. The only consequence of a prediction error, as long as it is unbiased, would be to .shift the areas shown in Fig. 2 . Of course the uncertainty that underlies the error will also generally increase the areas {A, B, C) sun-ounding the expected values and will, if large enough, make it impossible to discriminate among alternatives.
The elements comprising the community health system are synergistic. That is, the joint effect of changes in individual elements of the system will, in general, not be ecjual to the sum of the individual effects of the changes in each element. Thus, alternative combinations of programs will have to be evaluated jointly. Obviously, double counting on the cost and effectiveness side of the ledger must be avoided; this Ls an especially important consideration in situations where multiple health problems are prevalent.
* The dividing line l)etween amilytical and simulation models is rather vague. For the remainder of the paper, if a mathematical technique or algorithm (such as linear programming) can be used to find an optimum solution, the model is of the analytical type. If heuristic techniques are required to search for 'good' (in place of optimum) solutions, the model is of the simulation type.
A methodological consideration discussed in. the section dealing with measures of effectiveness is that no single utility function that is appropriate for all programs is known. Even if a single measure of effectiveness is adopted for all programs, the present hiability to quantify the relation between, for example, pollution levels or doctors' visits and this single measure, suggests the use of a multidimensional scale for measuring results. This typically precludes the use of an optimising algorithm.
Intercommunity difference in population composition, climate, topography, economic conditions, existing health resources, political orgaimations, and other health-influencing factors demand that the methodology developed should be of a general nature applicable to this diversity. When applied to the relevant data of individual communities, however, tho methodology mast produce specific results for the individual Kitiiation.
Recommended Approach
There are alternative approaches that can produce the function required to relate decisions to estimates of their resulting costs and effectiveness. Obviously, the choice of approach should be dictated by the natm-e of the problem and decisions to be evaluated. One choice is between analytical and simulation models. (As noted previously, the line dividing these two classes of models is quite vague.) An analytical model is generally more efficient if tlie problem can be stated in terms such that available mathematical techniques can be used to 'solve' for an optimum solution. If heuristic methods of 'searching' for the optimum are required, or if Monte Carlo techinques are necessary, then simulation is usually more eflicicnt. Another methodological question concerns the use of a computer; this must be answered in terms of the complexity of the model, the number of alternatives to be considered, the number of sets of assumptions under which the alternatives will be evaluated, etc.
For many of the more significant problems, the methodological requirements noted above can frequently be met bost l)y a large-scale digital computer simulation model. This model or program should attempt to accomplish the following, insofar as is practical:
1. Tie together the analytical solution.s or subprograms that describe parts of tiie system not only t x> provide a common data base and a set of assumptions but also to ensure the logical consistency of these various parts.
2. I'rovitie :i means to investigate, through hpuristic procedures, those parts of the sy.stctn tliat are too complex to be solved by explicit mathematical formulas.
3. Permit flexibility of output in tovms of the various measmes of effectiveness Ui be pm|)l()ye(l.
4. Be ahle to accept data describing the significant variables of a specific community; that is, become a model of the communiity specified by the input data.
5. Provide an analysis of the time path of the impact of the particular system configuration beingevaluated. Forexample, if a new organization of hospital facilities is being considered, what will the transition period between the current organization and that proposed look like?
6. Provide a convenient device for testing the sensitivity of the projected results to errors in the data, relations, or assumptions.
If the final l-equirement for sensitivity testing is met, it should estimate (1) the expected error of the conclusions dra^m from the simulation and (2) the relative significance to the error term of current gaps in knowledge of the system. Because what will happen to a community and the health of its population is so much a function of uncertain internal as well as external factors, it is unlikely that any simulation model will accurately predict it. As noted previously, scientific breakthroughs, changes in national or community economic situations, clianges in social and educational structure, etc., while generally excluded from the model, play important roles. The model should, however, be able to forecast what would happen, given a set of assumptions, in the absence of the exogenous occurrences noted above. Of more value, the model should provide estimates of the impact of changes in the controllable parameters or decision variables under various sets of assumptions.
The research strategy should be based upon a building-block approach. As research is performed, for example, which relates intensive preventive medical care to general health'^"' or sociodemographic characteristics to the hospital experience of mental patients,'"' it should be possible to include these relations in the model. Also, the larger model should be capable of utilizing analytical '•^^' or simulation models'"' of subsystems as they are developed. These smaller subsystem models are tbe building blocks with which the total system model will be constructed. The advantages of developing and testing each building block before its inclusion in a larger model include the following:
1. Testing and verifying the larger model Is simpler. 2. The experience gained in developing the earlier models is increased to the benefit of subsequent efforts.
3. Perhaps most important, the completed subsystems can provide intermediate and worthwhile payoffs during the Iong, expensive modeling of a complex total system.
MEASURES OF SYSTEM EFFECTIVENESS
Basic Objective
Implicit throughout the previous discussion is the need for an operationally useful measure of effectiveness of the alternative systems (or subsystems) to be modeled.
A necessary precondition to the development of measures of effec-tiveiiess is an acceptable, perhaps qualitative, statement of the system's basic goals. Alternative programs, with specific aims, which are often strikingly diverse, must be evaluated against these basic goals. For example, certain programs such as those dealing with the control of communicable disease, vector control, and accident prevention, intend to reduce the incidence of specific health problems. Other resources such as hospitals, diagnostic and treatment centers, ambulances and other emergency equipment, and chronic disease and rehabilitation [jrograms attempt to ameliorate the effects of specific diseases. Health education activities, environmental control efforts (e.g., sanitation; noise abatement; and air, water, and land pollution control), and certain preventive health programs are often related to a broad spectrum of health problems. The inclusion of mental and emotional health activities often requires a complete restatement of basic objectives. Objectives of other social welfare programs in economic development, education, health insurance, housing, poverty alleviation, etc., must also be evaluated. The yardstick (whether it is a general statement of goals or a precise measure of effectiveness), if it is to be universally applied, must be able to cope with this diversity. One approach has been directed towards the development of a health index. Tliis suggests that an intlex of community health could measure the effectiveness of alternative programs. An acceptable index that (1) is sensitive to the effectiveness of health progi-ams and (2) is com})osed of measurable components has proved elusive. Indices of crude and ageadjusted death rates have previously been used. Since 1956, however, the death rates in the United States have been relatively constant; thus gi-eater attention has been paid to morbidity. Since increased morbidity is often the result of reduced mortality (e.g., the longevity of diabetics has increased morbidity while decreasing mortality), the evaluation of mortality and morbidity rates is subject to much interpretation. SULLIVAN suggests classifying morbidity by four categories of disability: confined, limited mobility, limited activity, and restricted activity.''^' CHIANG proposes an index composed of age-specific components derived from the death rate and the incidence and duration of illness. SAUNDERS suggests measiu*ing health rather than illness and uses a concept of the individual's functional adequacy to fulfill a social role. In no case has the development progressed to the point of producing an operationally useful index.
Reqiiirenients of the Measures of Effectiveness and Alternative
Approaches Measures of effectiveness are functions of observable variables by which the degree of attainment of the basic goal (e.g., coimnunity health) ean be measured. For instance, the basic goal of defense expenditures is the maintenance of peace; a secondary goal derived from the primarj' objective is to maintain an effective deterrent. To obtain a measurable variable, however, defense expenditure decisions attempt to maximize the number of kills of one sort or another."^' The measure of effectiveness suggested in the next section ^^ill, for many health program.s, be measurable in a primary sense. In certain instances, however, it will be necessary to use variables related in a secondary or tertiary manner to the basic goal.
Assume that a finite list of variables related to effectiveness can be agi-eed on; these miglit include such things as age-specific death rates, incidence and prevalence of disease, indications of mental health, etc. If tlie variables in the list are numbered 1, 2, ••-,«, the list can be represented by an n-dimensional effectiveness vector, (Xi, Xi, • • •, Xn), where the X's take on different value-s for alternative system configurations. If each element in one vector takes a value preferable to that of the corresponding element in the iilternative vector, there is no difficulty in selecting the superior or more effective system. The real problem arises because this unidirectional relation does not generally exist. According to the utility concept of value, or effectiveness, there exists a way to obtain a utility function to evaluate the alternative vectors: ^ = At least three alternative approaches for measuring effectiveness ean be identified. The fiist evaluation alternative, in accord with cardinal utility theory, is to derive a VON NEUMANN-MORGENSTERN utility function by which a numerical value can be assigned to <t> for alternative effectiveness vectors. ^^''^ This approach is implicit in i)lar;ing a nunK^-ical scale on the abscinsa of a cost-effectiveness gi-aph sueh us thai slumu in Kig. 2. The second alternative is to rely on ordinal utility theory. Ordinal utility theorists would not assume that a numerical value can be assigned to each effectiveness vector, but would state that such vectora can be ordered-i.e., one vector is better, worse, or equal to another. The scale of the abscissa of Fig. 2 would then become indeterminate and a statement could be made about relative, but not absolute, effectiveness. For example, the system configuration represented by point c is more effective than point 6, and point b is more effective than point a; however, there is no way to nieasm-e or even compare these differences. The decision as to whether the additional effectiveness is worth the additional cost must be left to the policymaker's value judgment. Accepting the premises of ordinal utility theory, the concepts of marginal effectiveness or costeffectiveness ratios lose their meaning. The third alternative is to present the policymakei with the complete effectiveness vectors corresponding to the alternative system configurations and allow him to make his own choice. This has been the approach for most, if not all, evaluations that have been made of complex systems.
The three approaches are not necessarily mutually exclusive. A numerical-valued (cardinal) utility function can be both a useful conceptual device and a goal to be sought even if it cannot be achieved in an operational sense. Using this approach, an attempt can be made to combine as many elements as possible in an effectiveness vector. That is, if a number (say, m) of utility fimctions can be defined by combining sets of the n variables, then the policymaker can be presented with a shorter and more meaningful effectiveness vector of the form <^ = •^l) <^2» • • • 1 ff>m, where m is less than n. He must then reconcile these ultimate effectiveness measures.* Analogies can be observed in industrial situations: Ideally, the basic objective may be to maximize the vaguely defined 'long-run profit'; in fact, the policymaker must reconcile an effectiveness vect-or written in terms of current profit, market share, liquidity, public image, etc.
The Objective Function: A Case-Month Approach
The basic goal, or objective, of the system may be stated in a negative manner :us the absence of ill health. The measure discussed below, then, is a measure of the ineffectiveness of the system; the measure of effectiveness is complementary to that of ineffectiveness.
First, consider the system as viewed by an individual. The sj-'stem's ineffectiveness is some weighted sum of his chances of being in any state of ill health for some finite time period.f If m states of impairment are defined to represent various disability levels (and ultimately death), then from the individual's point of view the system's ineffectiveness is given by: In this way the basic effectiveness vector (Xi, Xj, • • •, Xa) can be transformed into (</>i, *i. •••, *-")• If. in general, <>, • has more intuitive meaning in a policy sense than does a:,, and m is less than n, then the transformation is useful.
t It is not logically necessary that conclusions obtained using this definition will be contradictory to those arrived at using the definition of the World Health Organization: "Health is a state of complete physical, mental, and social well-being, not merely the absence of disease or infirmity." All that is required is that any perceived deviation from the ideal state be described as one of the disability states.
where d is the weighting factor for disability state i, and U is the duration of stay in state i. The m states are states of disability or restricted activity.
A reasonable starting point might be to use states corresponding to the four morbidity levels suggested by Sullivan and to add an initial state (controlled disease-minor disability) and a terminal state (premature death). The duration of stay in this terminal state is defined as the actuarially estimated reduction in life span that is due to bad health. Note that this measure aggregates all diseases and accidents to which the individual is vulnerable. Thus the value of I'' must be built from an analysis of each potential hazard. One of the m impairment states must be assigned to each definable stage of the disease or accident and then the time in each state estimated. The appropriate aggregation can then be performed. To avoid double counting it is necessary to assign a single disability state when multiple diseases and/or accidents are involved.
/" is an individual's measui-e of the system ineffectiveness. By foeusing on the future and examining the probability of being in each state, one can avoid in a reasonable way the problem of the 'infinite' value of life. That is, we arc all willing to incur a finite probability of a premature death to avoid a (larger) finite probability of ill health-e.g., to undergo an operation to avoid a serious disability.
Given I", the individual's mciisure of the system's ineffectiveness, a function is needed to relate the community's measure of ineffectiveness to the number of people in each state of ill health. That is, how can the individual measures be aggregated to obtain a nici^surc for the community? Any attempt to aggregate over an individual utility function, such as that given in equation (3) , encounters the difficulties of interpersonal welfare eomparisons. Certainly the values imputed to each Ci may not only vary among individuals at any point in time but also vary for a single individual among different points in time. This is the essence of the 'index number problem' familiar to economic analysis.
The problem is not generally soluble because the solution requires a social indifference curve or a preference function for making interjiersonal eomparisons of welfare.f^^' The general insolubility should not be taken to mean that important particular solutions are not available or that reasonable approximations cannot be made. In fact, for many of the real decisions that have to be made, this measure will provide an unambiguous choice. This results if the situation is analogous to Pareto optimality. In this instance, any possible alternative to the 'optimal' decision will create additional case-months in some disability state without any offsetting reductions in some other state. If it can be assumed that the disability states can be strictly ordered (e.g., limited mobility is strictly prefeiTed to confinement), the area of unambiguous choice can be further extended. In this instance any possible alternative to the 'optimal* decision will create additional case-months in some less pieferred state at least equal to the offsetting number of cases in the more preferred state.
These concepts may be illustrated by a simple example. Assume that five alternative disease control programs (A, B, C, D, E) ai'e available and that the estimated case-months in each disability state associated with each are as given in Table II. As a first guess, assume that Program C is the optimum program. Progi'am C is unambiguously superior to A on the basis of the analog with Pareto optimality; for each disability state the niunber of case- months associated with Program A equals or exceeds that for C Program C is unambiguously superior to B by the second criterion. The relative reduction in the number of case-months in (the more preferred) state 4 associated with program B is at least offset by the increase in casemonths in (the less prefeiTed) state 5. A comparison between programs C and D is only a more complicated case of that between progi-ams C and B. Again C is unambiguously superior, since reductions in casemonths in more preferred states are at least offset by increases in casemonths in less preferred states. A comparison between programs C and E illustrates the point previously made that no general solution can be found. The relative evaluation of 1,000 case-months of restricted activity against one additional month of premature death is ultimately a subjective judgment.
The remainder of this section is an attempt to derive possible utility (objective) functions that can map the number of case-months in each disability state into a single numerical measure of effectiveness and thus reduce the area of ambiguity. The particular functional forms presented l)elow only illustrate the kind of development necessary to obtain a singlevalued function.
The objective function should deal explicitly with the future and thus must be a function of the probabilities of future occurrences. The function should also distinguish between the individual's and the community's point of view and thus must aggregate the individual disutilities as given in equation (3) .
Admittedly, choosing appropriate values for r, (the disutility weights assigned to each disability state) is a task of subjective value judgments. It seems impossible to avoid this problem. Initial insights may, however, lie obtained by determining the weights implicitly assigned by some current healtli programs. (It would be interesting to examine the consistency of th^e weights among various programs. For example: Is the implicit value of an extra year's life implied by current lddney disease or cancer programs equivalent to that implied by cm-rent accident prevention or preventive health programs?) Also, individuals reveal preferences by their expenditure decisions. Demand (income-expenditure) studies might indicate the relative value or disutility of certain health pioblenis implicitly assigned by individuals in the marketplace.
Certainly the selected function should be monotonic and should increase with the number of ill persons. For each disability state, every additional individual in that state (1) will creat-e an additional burden upon the community by demanding certain health resources and (2) will, because of his own reduced productivity, dimini.sh the community's capacity to cope with the burden. Thus, in general the 'disutility' function will have an increasing derivative; that is, the disutility to the community of each additional pereon's ill health will be gi-eater than that of those preceding him.
One possible aggregation scheme that satisfies this requirement would be to multiply the individual nieasurea of ineffectiveness by a ratio of the foi-m: number of people in disability state i total population-number in disability state i' In this scheme, each individual entering the state by both adding to the numerator and decreasing the denominator, would make more than a proportionate increase in the measure.
A second, more complex scheme is to concentrate on rate of change in health and to use a dynamic measure that concentrates on the time path of an individual's health state rather than on static values.
Another aggregation scheme with the above-mentioned characteristics is the exponential form. In this case, the cost to the community of having X individuals in disease state i is expressed as ki=-Citie'"\ (4) where ki is the measure of the system's ineffectiveness from the community's point of view, x, is the number of intiividuals in state i for time ti, a is some appropriate constant (perhaps a should be replaced by a, permitting the assigimient of a second constant to each disability state), and ti and c, are as previously defined.
The expected value of the measure of ineffectiveness is then the sum of these weighted by the probability of their occurrence. That is,
whore f(ki), the probability distribution of ki, is a function of the joint probability distribution of x, and ti. If it can be assumed thai tliose two variables-i.e., the number of individuals in the disability state i and the duration of stay in that state-are independent, then the expected measure of ineffectiveness is given by:
where J'{Q and p(Xi) are the probability distributions associated with U and Xi respectively, and A' ' is the total number in the pupulation. The assumption of the independence of x and t is not always valid. For example, if the disabilities in question are the result of communicable diseases, then the number of carriers-and thus the number of secondary infections-is a function of the time each individual spends in the infective state. Even in this case, the independence assumption may provide a good first approximation if tlie disease prevalence is small relative to the total population.* The variance of the effectiveness measure is significant in choosing between alternatives; that is, a planner might prefer a program with an estimated value of 10±l to an alternative with an estimate of 11 ±10. Under the Siune assumption of the independence of x and t, tlie variance of ki is given by: *It is possible to test this assumption for certain diseases or groups of diseases. Also note that the final integral implies that siiflicieiit numbers of persons are in each state so that this discrete variable can be treated as a continuous one. Integrating the first bracketed termlo infinity is a mathematical convenience since the maximum duration of stay in any disability state is limited to a lifetime.
Equations (6) and (7) evaluate the expected value and variance of the system ineffectiveness for a single disability state. If independence is assumed among the states,* then the total system's mean effectiveness is given by and the variance by
If the constants Ci and a are chosen so that K is restricted to values between 0 and 1, then the expected value of the effectiveness of the community health system is given by i and the variance by
If the probability distributions of the duration of disability states and the number of individuals in each state (U and Xi) are loiown, then E and V[E] may be detei-mined by performing the mathematical operations shown in equations (6) through (11) . For some health problems, sufficient data are available to establish these functions luid their parameters.
The measure of effectiveness of a program is the net increase in E anticipated over the program's life, i.e., the weighted sum of the probable net decrease in case months in each disability state. Future benefits may be discounted. Once the admittedly difficult task of establishing the CiS has been accomplished, a means will have been found to compare accident prevention programs with progi-ams designed to facilitate emergency treatment, or to compare additional diagnostic centers with additional hospital beds. These comparisons can be made if the appropriate probabilities can be projected for each alternative plan considered.
Program •Specific Measures
In order to apply any of the case-month approaches suggested above, it is necessary to be able to relate the effects of alternative actions (e.g., prevention, treatment) to changes in the number of case-months. In * This assumption is obviously not perfectly valid. If the number of persons suffering from an illness is fixed, the size of the group in any disability category is a function of the number of persons in the remaining categories. Thus the off-diagonal elements in the varianee-covariance matrix are, in general, different from zero, and equations (8) through (11) become more complex. The assumption may more reasonably be stated thus: Assume that the total number of disabled persons is small relative to the total population and that most entries into any disability category come from the well population, and that the off-diagonal elements in the varianee-covariance matrix are small. some instances, the relations are well known from laboratory experiments or from many ease histories, and the case-month method may be applied directly. For example, the effectiveness of immuni7vation programs designed to control communicable diseases such as smallpox, diphtheria, influenza, etc., may be measured by the distribution of secondary cases following one or more initial cases. The effectiveness of detection and treatment programs intended to control communicable diseases such as venereal disease, tuberculosis, etc., could also be directly measured in terms of the probability distribution of the case-months in each disease (i.e., disability) state.
There are some programs for which the functional relations between disability state changes and controllable variables or parameters are not known with a Iiigh degree of certainty. Then it is often necessary to rely on expert judgment to obtain the required relations between prevention or treatment and illness. For programs in which these relations are not well known, it may be advisable to use more easily obtainable measures of effectiveness to make intraprogram decisions. This may be the case for some programs concerned with the utilization of health resources, namely: certain aspects of physician care and nursing services, and certain iispects of hospitals or other facility services. For example, while the beneficial emotional and physical effects of comfort care are recognized, it is difficult to quantify the relations or to establish the point at which further comfort no longer serves a useful purpose.
Comfort care is a good example of the 'consumption' characteristics of many aspects of health care. It has been observed that: *'. . . medical services are probably more often demanded becai^e of a desire to reduce the everyday aches and pains of life, which affect earning power little if at all, than for the treatment of the fatal diseases. . . ."'^' Despite conceptual measurement problems associated with consumption benefits, they must be considered to obtain a meaningful analysis.
In cases where definitive relations between treatment and result are not known, effectiveness will necessarily be measured in tei-ms of avail-.ibility and quality of care. Availability of care can be measured by t!ie degree to which financial, administrative, spatial, or social considerations impede the necessary treatment for perceived problems. Forecast needs ean be compared with available or proposed facilities to determine the probability distribution of expected service delays. Quality of care is more difficult to measure but may be estimated by comparing actual treatment with professionally accepted norms for diagnostic tests performed, specialists and other special services utilized, number of examinations, etc. Meaningful conclusions can also be drawn by observing whether variations in utilization are correlated with medical needs or with less relevant factors such as income, race, place of residence, etc.
In other instances the inability to quantify relations between suspected causative factors and incidence of disease precludes the direct application of the case-month approach. Environmental health programs (e.g., pollution control) are important examples of a health subsystem to which the case-month measure of effectiveness is currently inapplicable. For these programs, meaningful measures can be derived in terms of average and maximum concentrations of various pollutants. Also some weighting scheme could be used to assign values to tlio probabilities of encountering various pollutant levels; e.g., a high weight would be assigned to a finite probability of a 'dangerous' condition and a low weight for an 'uncomfortable' situation. Another possibility is to approximate the casemonth approach if disability states are defined for corresponding levels of discomfort as well as for resulting illnesses.
Finally, mental health is an important subsystem lacking the relation between health status and both the causes and the treatment of the disease. Many criteria noted previovisly are applicable: e.g., availahle, appropriate treatment and probable detection at various disease stages. Also, some objective measures are available, such as the discharge rate from mental hospitals, rocifUvity rate, etc. For the foreseeable future, however, the absence of quantified relations implies that effectiveness will have to be measured in terms of professionally accepted notions of treatment.
Development of program-specific measures of effectiveness is important because: (1) except at the highest policy level, planners of health services are, and will continue to be, concerned primarily with the allocation of resources within (not among) specific programs and (2) even at the highest policy level, program-specific cost-effectiveness schedules are necessary if interi^rogram allocation decisions are to be made rationally. That is, decisions allocating funds between, for example, dental health and a communicable disease program should be made on the basis of the 'best' (or at least good) program.^ in each category.
The measures suggested in this section caimot generally and consistently be related to the over-all (case-month) measure suggested previously. However, it niuy prove valuable to attempt to calculate such a measure, using rough estimates if necessary, as a supplement to more specific program measures. This procedure will force a consideration of the over-all point of view, identify major gaps in information, and encourage development of an operationally useful over all meaaiire of effectiveness that can be universally applied to all programs.
General
MEASURING THE COSTS
of alternatives, as well as effectiveness, must be estimated in order to rationally allocate scarce resources. Costs are considered easier to handle than effectiveness because dollars are homogeneous and measurable. However, accurately estimating future costs is not simple. Consideration must be given to uncertainty of the estimates, to inflation, to the time-value of money (i.e., the discount rate to be used), to the opportunity costs of alternative uses, etc.
Ilecent research in health economics has distinguished between actual (direct) and implied (indirect) costs of medical care. Actual costs are true expenditui-es; implied costs are usually foregone earnings.
Actual Costs
Actual costs include expenditures for hospital and nursing home care, physician and nursing services, drugs, medical research, construction, medical education, training of pei-sonnel, and miscellaneous expenditures for administrative costs of progi-amw, information and referral services, {)ub!ic education, etc. The most common conceptual error made with cost data is the failure to distinguish between costs that are fixed and costs that are variable relative to the considered alternatives. Planning decisions should be concerned with the differences in future costs. Thus, in measuring hospital costs, the part of the daily rate for room and board 1hat is applied to pay off the building bonds is irrelevant to most planning decisions; yet reduction of hospital utilisation that will postpone or eliminate the need for construction of a new facility is pertinent. Thus, the "cost' of utilizatitin of any facility may vary depending on the community's late of population growth. For pm-poses of control as well as planning, distinction must be made between fixed and variable costs.
What is the relation between resoiu'ce utilization and the costs of the definable elements? The costs of things bought in very small (inexpensive) quantities vary with utilization in a continuous fashion. These are the variable cost elements of the system. The term semivariahlc is frequently iLpplied to costs whose relation to utiliiiation is best depicted by a step function. If the 'steps' become sufficiently large so that only one level is associated with the range of utilization under consideration, the costs are refen-ed to as fixed.
Interest and obsolescence charges associated with sunk costs, such as past construction expenditures, are the most obvious examples of fixed costs. Otlier expenditures, such as those for administration, heat and light, etc., are generally fixed for most decision making. Because of their discrete nature, personnel and equipment costs are generally semivariable; i.e., 1.5 public health nurses or 2.4 X-ray machines are unobtainable. These costs become more nearly continuously variable as the number of personnel or equipment considered grows. For example, expenditures for new facilities can also be viewed as semivariable if the community is large enough. Materials and supplies and externally contracted services are common examples of variable costs.
Figui-e 3 illustrates these ideas. As an example let the figure represent the relation between costs and utilization of a hospital facility. Let the fixed-cost line represent the unavoidable costs associated with the current facility; let the semiviiriable line represent equipment, and let the variable cost line represent labor and material costs (this latter straight line is, in fact, a step function with small steps). Assume initially that alternatives A and B are the only ones available. For this analysis both facility and equipment costs are fixed, i.e., imcontroUable. If alternative C is made available, then equipment costs become a control variable that must be considered. If a fourth alternative witli a utilization rate high enough to require additional investment in facilities is feasible, then the 'fixed' facility cost becomes a variable. Planning (or budgeting) and control can be facilitated if costs are accumulated by cost centers or areas of responsibility. That is, the budget procedure should be such that expenditure estimates are initiated by the individual ultimately responsible for those funds and those areas of ac-tivity; the budgetary and management infonnation systems should be designed to report the costs in the same manner. Thus, areas of authority and responsibility are made coincident and readily identifiable. Attempts to achieve these administrative goals may lead to more effective, functional organizations.
For example, if the state's chief public health officer is responsible for all state expenditures, budgets should be prepared and costs reported on that basis; but fixed costs for which he cannot be held responsible (e.g.. For previously built facilities) should be excluded. On the other hand, if the officer in a specific clinic is responsible for only a few classes of personnel and inventory expenditures, these costs must be separately identified and reported. Only in this way can cost-effectiveness be applied at all levels of the organization and the budgeting, planning, and control functions be integrated.
Cost reporting considerations should be taken into account when building simulation models of the system; that is, the output should identify the relevant cost variables, where relevance of a variable is defined by its relation to the appropriate decision-maker. These remarks also apply to selecting the 'measure of effectiveness' variables included in the simulation output.
Implied Costs I
Estimating the potential earnings lost because of the incidence of disease is more difficult than estimating actual expenditures made in its Ijrevention and treatment (though the latter is difficult enough, especially for preventive programs not directed to a specific disease-e.g., community health education). Most calculations of implied costs are made in terms of the present value of future losses of output. Reduced efficiency, absenteeism, psychic, and other intangible costs are generally excluded. Values for productive time are calculated for each sex and age class within the labor force using average earnings and adjusting for unemployment rates. Wages for housewives* services are imputed as the mean earnings of domestic servants.f*' In other studies, attempts are made to estimate the earnings lost as a result of underemployment, and in one case a value is imputed to reduced earnings that are due to the social embarrassment of having had syphilis.'^*Ĉ
ost-Benefit Analysis
Cost-benefit analysis is an alternative to the cost-effectiveness approach to health planning. Cost-benefit analysis excludes consideration of those factors that cannot be ultimately measured in economic terms. In essence, it propose that the sum of actual and implied costs be used as The total costs of a disease per case serve as the measure of benefits derived from preventing that case. In a cost-benefit calculation the comparison is between contemplated additional expenditures for health and medical services, on the one hand, and the anticipated reduction in costs (direct plus indirect), on the other hand. This is the essential conceptual framework.''"' , In this analysis, economic benefits that accrue to tlie individual (the implied costs) are lumped with cost-savings that accrue to the government. More useful results would be obtained if the bearer of the costs were identified: the individual, the commimity, or the government. If this is done, a straightforward cost-revenue evaluation could be made to determine the government's net cost of proposed progi-ams: i.e., the cost of the program less the anticipated resultant reduction in other programs plus the tax yield from the anticipated additional earnings. Then the decision could be made on the basis of the net economic gain to society (the benefit) that can be obtained from a net public expenditure (the cost). The results of the cost-revenue analysis may also ])rovide a boundary rondition for initial program evaluation. (SILBBHSTEIN has performed an interesting study along these lines in Israel.i^O
Cost-revenue and cost-benefit studies deal solely with elements that can be measured in economic terms; a cost-effectiveness study considers other 'benefits' in addition to those that are purely economic. However, it is still the net cost to the government of obtaining the economic and nonecononiic benefits that is relevant. For instance, changes in productivity and changes in employment in the medical services industry that may result from alternative health progi-ams are important economic fiictors that must be considered in delormining the 'c(tyts' of suggested programs.
The appropriate method of handling cost-benefit analyses or the economic aspects of cost effectiveness analyses may be summari^ied as follows: For each examined alternative, first determine the resulting changes in income and expenditure streams of each iiarty (public, private, community, etc.); then bring the streams to a single point in time (i.e., the present) by applying discoimt factors to determine the present value of each stream. The discount factors selected should reflect the opportunity costs, the time-value of money, and i)erhaps the costs of uncertainty. Concentrating on differences in net financial streams implies that fixed costs will 1)0 ignored in the decision-making and that semivariable costs will be considwwl only if tliey vary witliin the ninge coiitemplatcd i)y the analysis.
Though cost-benefit analysis is simple lo handle mathematically, economic considerations cannot be the sole criterion for choosing among alternatives for an abundant society, {It may be more appropriate in a scarce manijower economy.) The cost-benefit approach distorts the conclusions by overomphasizinp; morbidity among males in iheir maximum eaniiiig years; hy underos lima ling prcvaletit problems such as neurotic conditions, common colds, and certain allei^enic conditions; and by ignoring intangible coats, etc. Actual and implied costs are important dimensions of any resource allocation decision; iiowever, the cost-effectiveness framework permits (and demands) explicit consideration of variables that are measured not in dollars and cents but in terms of basic hiunati values. SUMMAHY THE OBJECTIVE of this paper has been to investigate the applicability of current system design and evaluation concepts to planning community health sei*vice systems. The concepts include: systems analysis, model building and digital computer simulation, evaluation of system effectiveness, and cost estimating. Each of these topics requires considerably more attention than has been provided in this report. The more salient l)oints and some tentative c(jnclusions are summarized in the following puragi'aptis. The costs and effectiveness of alternative system configurations are functions of many variables. System design requires identification of cost and effectiveness variables, specification of the relating functions or parameters, and estimation of their relative controllability.
Models of the total community health service system or significant subsystems within it can provide estimates of costs and effectiveness of alternative system configurations. Large-scale computer simulation models meet the methodological requirements for modeling such complex systems.
The measure of effectiveness of the community health system is essentially multidimensional. One approach has been suggested to reduce the many criteria to a single numerical value. Because of the incomparability of interpersonal utilities, a general solution cannot be achieved;* however, it is possible to restrict the area of ambiguity and to reduce the number of indistinguishable alternatives. For a large number of situations, it would appear that a single-valued measure is too restrictive and that the best results can be achieved by reducing the many criteria to a few significant measures to be ultimately reconciled by the policymaker. The multidimensional ity of the effectiveness measure is one of the significant considerations leading to the recommendation of the simulation approach.
* A related, but somewhat different, approach to this problem is to view the ilecision-making process as an attempt to maximize a committee preference function subject to certain constraints.'
